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WIND-TUNNEL INVESTIGATION OF PERFORATED 



SPLIT FLAPS FOR USE AS DIVE BRAKES ON 
A RECTANGULAR ITAOA 23012 AIRFOIL 
By Paul E. Purser and Thomas R. Turner 



SUMMARY- 



Aerodynamic characteristics of a rectangular IT A C A 
23012 airfoil with single and double perforated split flaps 
have "been determined in the MCA 7- by 10-foot wind tunnel. 
A large range of flap spans and deflections and a large 
range of spanwise and chordwise locations of the flaps 
were investigated. Dynamic pressure surveys were made he- 
hind the \ring at the approximate location of the tail , in 
order to determine the extent and location of the wake for 
each flap arrangement. Tests were also made with a full- 
span plain flap to determine the effect of the various 
split-flap arrangements on aileron control. 

The results indicated that single or double perforated 
split flaps may be used to. obtain satisfactory dive con- 
trol without undue buffeting effects, and that while lat- 
eral control may be obtained with a plain aileron, behind 
single split flaps, the aileron is effectively blanketed 
and rendered useless behind double split flaps. Additional 
tests are recommended to develop a satisfactory lateral- 
control device for use with the perforated double* split 
flaps . 

INTRODUCTION 



The HA OA has undertaken an extensive investigation 
for the purpose of developing devices suitable for limit- 
ing the diving speeds of airplanes. As a part of this in- 
vestigation., a study has been made of test results obtained 
during the development of devices designed primarily for 
other purposes, such as hi e .h lift or lateral control, but 
which may also be used for dive control. The slot-lip ai- 
leron combined with a full-span slotted flap is one of 
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these dual-purpose devices and data for its use have "been 
presented in reference 1. A study has also "been made of a 
large amount of unco rrolated data on various airfoil-flap 
combinations from tests previously made for the Bureau of 
Aeronautics. This study indicated that perforated double 
split flaps would b ive the desired characteristics for use 
as dive-control devices. The present investigation v:as 
made to determine in more detail the aerodynamic character- 
istics of various arrangements of single and double split 
flaps on a rectangular NAGA 23012 airfoil, and to deter- 
mine the wake characteristics of these devices in order 
that designers nay more closely evaluate their effects on 
the performance of complete airplanes. 



APPARATUS AITS TESTS 
Ho del 



The airfoil model used (fig. l) was of laminated ma- 
hogany built to the NAGA 23012 profile. The model was 
rectangular in plan form with an aspect ratio of 5. 
(10-in. chord and 50-in. span). The perforated split flaps 
were made of sheet steel and had a chord of 2 inches (20 
percent of the airfoil chord). The perforations in; the 
flaps wore symmetrically spaced circular holes (see flap 
detail , "fig. l) and removed 33.1 percent of t.he original 
flap area. In order to facilitate partial span-flap tests, 
each flap was made in ten equal segments, each segment hav- 
ing a span of 20 percent of the wing semi span. The seg- 
ments on each semi span were numbered from 1 to 5 progres- 
sively from the plane of symmetry outboard to the wing tip. 
Split-flap deflections were measured with respect to the 
airfoil surface at the flap hinge, point, and except where 
otherwise specified the gap between the airfoil and flap 
was sealed with modeling clay. The 20-percent chord plain 
flap was built of laminated naho-any and the ^ap between 
the airfoil and flap was sealed with cellulose tape. Plain 
flap deflections were measured with respect to the airfoil 
chord line. 

Wind Tunnel and Equipment 

The tests were made in the closed-throat NAG A 7- by 
10-foot wind tunnel described in references 2 and 3. The 
wake surveys were made with a rake of ei^ht-g-inch pi tot 
tubes spaced 2 inches. The rako was adjustable so 



that dynamic pressure could be recorded at 1-inch inter- 
vals along a vertical line 27 inches long which was located 
30 inches (3.0c) behind the quarter-chord point of the air- 
foil and 5 inches (0.5c) to the right of the plane of sym- 
metry 4 This position was "believed to be representative of 
the location, of the hi age line f and midpoint of the semi- 
span of the horizontal tail surfaces of airplanes on which 
dive-control devices would be used. The ratio of the dy- 
namic pressures in the wake to the dynamic pressures at the 
sane points with the model removed (support strut in place) 
were determined from readings of an inclined-tube alcohol 
manornotor . 

Figure 2 is a three-quarter rear view of the model 
mounted in the wind tunnel. 



Tests 

££st_condi t ions . - 'The dynamic pressure maintained for 
all tests was 15*3? pounds per square foot, which corre- 
sponds to a velocity of about 80 miles per hour under 
standard sea-level conditions and to an average test 
Reynolds number of 509,000 based on the chord of the model 

(10 in.) . 

2 ^i-PXP^edure . - The tests consisted of the determina- 
tion of the lift, drag, and pit ching-moment coefficients 
and of the wake characteristics for various deflections 
and locations of the f 1 ap s . Double split flaps were lo- 
cated 60 and 80 percent of the chord "from the^" airfoil lead- 
ing ed^e, and single split flaps (lower-surface) were lo- 
cated 10, 20, 30, 40, 50, and 80 percent of the chord from 
the airfoil leading edge. In addition, several tests were 
made with the full-span 20-pcrcent-chord plain flap de- 
flected ±20° to determine the effects of the various split- 
flap arrangements on aileron control. The forces and mo- 
ments were determined at intervals of 2 C throughout the 
anglo-of-attack range from bolot? zero lift to above maxi- 
mum, lift. The wake surveys were made at intervals of 4° 
throughout the same range. 

RESULTS A1TD DISCUSSION' 



In the presentation of results, the following symbols 
are used; 



whore 



ana 



L 

C L lift coefficient, — 3 
Cjj drag coefficient, 

0 pit ching-moment coefficient aooUt the 

m c/4 quarter-chord point of the airfoil 

cnord, 

. a o c S 

q/ q dynamic pressure ratio 



L lift 

D drag 

n pitching moment 

dynamic pressure at point in wake, f p V c 



a r 



iverage dynamic pressure for air stream, 



2 

0 



t P *< 
C airfoil chord 

c f . flap chord. 

S airfoil area 

"b airfoil span • • 

t>£ flap span 

a angle of attack 

8 fl plain-flap deflection 

8.f upper-surface split-flap deflection 

8* lower-surface split-flap deflection 

the subscript L Q refers to the characteristics at zero 
lift. 



Since the support - st rut interference and tares were 
relatively small ,* these corrections were applied only to 
the plain-airfoil data. The standard j et -"boundary correc- 
tion's which were applied .to all the force-test data, are: 

Aa i = 6 I °L 57 * 3 ° 

where G is the jet cro ss-sect ional area. A value of 
6 = 0.112 for the closed-throat wind tunnel was used in 
correcting the results, It should be noted that, owing to 
the various span-load distributions of the airfoil with 
the various split-flap arrangements, these corrections are 
not strictly applicable to all of the data. Ko correction 
for tunnel effect has 'seen applied to the wake location. 
This correction* is email "because of the relatively small 
model used. 

Double Split Flaps ... 

4 

The aerodynamic and wake characteristics of a rectan- 
gular HAG A 23012 airfoil with double split flaps located 
0.80c from the airfoil leading ed^e are presented in. fig- 
ures 3a to 7b. The aerodynamic characteristics are pre- 
sented as curves plotted against lift coefficient; and the 
wake characteristics are shown as curves of dynamic pres- 
sure ratio, q/q 0 , plotted against distance above and be- 
low the extended chord line of the airfoil. 

•The results presented in figures 4a and 4 b show the 
effect of the airfoil trailing edge and of the flap perfo- 
rations on full-span and partial-span double split flaps. 
Removing, the airfoil trailing edge from "behind the full- 
span, perforated flaps had practically no effect on the 
wake or on the aerodynamic characteristics at zero lift 
"but did appreciably increase the available maximum-lift 
coefficient. Covering the perforations in "both full-span 
and partial-span flaps increased the dra<^ coefficient out 
caused an unsteady condition, of the model which was indi- 
cated by the amplitude of the scale deflections, and which 
was not encountered with the perforated flaps. Perfora- 
tions which remove an area of about 30 percent of the ori^ 
inal area of full-span double split flaps reduce the incre 
ment of drag coefficient at zero lift by about 15 percent. 
These data a^ree with the previous data mentioned in the 



Introduction. Both nets of data indicate also that the in- 
crement of drag coefficient caused b; r unperf o rat od full- 
span double split flaps at zero lift nay bo' reasonable pre- 
di c t o d br t h e f o r nul a : 

AC D = 0.0031 H 1# 35 

where H , in percent wing- chord, is the total projected 
frontal height of the airfoil and flaps. 

Various partial-span arrangements of the double split 
flaps (figs. 5a through 7b) were tested in an attempt to 
increase the total drag by utilizing induced drag, to in- 
crease the maximum-lift coefficient available for the pull- 
out, and to lower the wake in order to keep the horizontal 
tail' surface out of the disturbed air flow. The drag and 
maximum-lift coefficients were not appreciably affected 
but t'.he \val:e characteristics were definitely improved. 

Since the aerodynamic characteristics at and near 
zero lift were considered of particular interest to the de- 
signer , the results from figure s 5a and 7a were replotted 
against flap span in figure 8a. The partial-span center- 
section flaps gave higher drag and higher maximum-lift co- 
efficients than the tip-section flaps at the same angle of 
attack and pi t chin^-moment coefficient. The increment of 
drag coefficient was approximately proportional to the 
flap span. The cent er- sect ion flaps naturally produced a 
larger wake in the region of the tail surfaces than did 
the tip-section flaps. This effect can be seen in figure 
8b, which is a series of envelopes, from the angle of attack 
for zero lift to near the an^le of attack for maximum lift, 
of the wake curves of figures lb, lc ; ob, and 7b. 

The aerodynamic and wake characteristics of the rec- 
tangular ITACA 23012 'airfoil with full-span, and partial- 
span perforated double split flaps located O.oOc from the 
airfoil loading edge are presented in figures 9a and 9b. 
These results show that moving the flaps forward increased 
the drab coefficient, due to the increased frontal -pro j o c- 
tion, but that the available maximum-lift coefficient was 
coilsi derably reduced. Because of the lar^e reduction in. 
n.aximum lift with the movement of the flap forward, no 
further tests were made with an upp e r- surf ace flap- forward 
of the 0.30c location. 



.Single Split Flaps 

The aerodynamic and frake characteristics of a rectan- 
gular ITACA 23012 airfoil with lowe r- surf ace perforated 

lt\ split flaps located at 0.10c, 0.20c , and 0 . 30c f ron the 

airfoil leading edge are presented in figures 10a to 13b. 

i The use of these flaps produced a large change in the an- 

gle of attach for zero lift. 

An attempt was nade to decrease the change in angle 
of attach for zero lift by introducing a gap between the 
airfoil surface and the flap (fig. 14a). The presence of 
the b ap decreased the angle- of •♦attack change and had no 
appreciable effect on the other aerodynamic charac t eri s- 
tics. One test (fig. 14a) v;ith two-thirds of the perfora- 
tions covered, produced the sane results previously noted 
in the discussion of the double split flaps: an increase 
in the drag coefficient, but also a definitely unsteady 
condition of the model. 

The results of the tests, with a 0.10c gap between 
• airfoil surface and flap, vrith the flap located 0.40c, 
0.50c, and 0.80c from the airfoil leading edge are givjen" 
in figures 15a to 16b, Moving the flap had little effect 
on the angle of attack for zero lift, hut as the flap was 
moved "bad: the maximum-lift and negative • pit ching-oo&eht 
coefficients increased and the drag coefficient at zero 
lift' decreased. 

Another attempt was made to improve the characteris- 
tics of the airfoil vrith the flap located at 0.40c v:ith a 
O.lOc^gap by deflecting the t railing-edge rjlain and u-o^or- 
surfacc perforated split flaps (figs. 17a and 17b), The 
use of either of these t railing-edge flaps changed the an- 
gle of attack for zero lift from a iar 0 e negative value to 
a small positive value and increased the drag coefficient 
Slightly. The t railing-edge flap, however, decreased the 
maximum-lift coefficient, increased the positive pitching- 
moment coefficient, and raised the wahe so that it vras 
nearer the location of the tail surfaces. The advantages 
of the system could probably he realized without encoun- 
tering the disadvantages by using partial-span tip-section 
upper-surface perforated split flaps, or by up-rigging a 
plain, plug-type, slot-lip, or uppers surface aileron. 

The results of tests of various partial-span- arrange- 
ments of the lower- surf ace perforated split flap located 
at 0.40c with a 0.10c gap are presented in figures 18a 
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through 20b. Since the characteristics at and near zero 
lift were considered of particular interest to the de- 
signer, the results iron figures 19a and 20a wore roplot- 
tcd against flap span in figure 21a, and the wake-curve 
envelopes are presented in figure 211). The single split 
flap was similar to the double split flaps, in that the 
increment of drag coefficient due to the flaps was approx- 
inatelj r proportional to flap span and in that the tip- 
section, flap gave nuch scalier wakes in the region of the 
tail. Unlike the double split flaps, the tip-section 
single split flap gave slightly "better aerodynamic charac- 
teristics than did the cent er- sect ion flapr>. 

The results in figures 10a through 21a indicated that 
the formula developed for the prediction of drag coeffi- 
cients due to the double split flaps was not directly ap- 
plicable to the single split flaps. 

Diving Speed 

The relat i onship between dra 0 coefficient, wing load- 
ing, and indicated velocity for an airplane in a vertical 
dive is shown in figure 22. Por other diving angles, the 
velocity ^iven on the chart should bo multiplied by the 
square root of the sine of the ctiving angle, referred to 
the horizontal, 3?rom this chart and the data in figures 
3a through 21a, it may be shown that, the use of full-span 
perforated double split flaps would probably limit to 200 
miles per hour the indicated diving speed of an airplane 
with a tring loading of 35 pounds per square foot, and lim- 
it to 250 miles per hour the diving speed of an airplane 
wi.th a wing loading of 55 pounds per square foot. Corre- 
sponding values obtained with 'the use of perforated single 
split flaps are: 200 miles per hour for a wing loading of 
30 pounds per square foot, and 250 miles por hour for a 
wing loading of 45 pounds per square foot. 



Aileron Control 

Tests were madc^to determine the effect of the per- 
forated double split flaps on the lateral control available 
from a plain aileron by deflecting a full-span plain flap 
behind the double -split flaps. .The results of these tests 
when compared with the results of tests of the plain flap 
on the plain airfoil indicated that zlic double split flaps 
would effectively blanket a plain aileron and render it 



useless for obtaining lateral control. (See figs. 23, 24, 
and 25.) One interesting possibility for obtaining lat- 
eral control for a wing equipped with double split flaps 
is suggested by the result s ( fig. 3a) of tests made with 
differential deflections of the two flaps. If the out- 
board portions of the double split flaps rere -counted on 
the regular ailerons, the regular aileron system would 
provide lateral control. The lower- surface flap. could be 
deflected to a higher angle than the uppo r- surf ac e flap 
in order to obtain an up.f loating tendency which, when used 
with a differential aileron linkage, would tend to reduce 
the high aileron-operating forces .that night otherwise be 
encountered. 

The results presented in figures 23, 25a, and 27 in- 
dicate that a perforated lower-surf aco flap with a 0.10c 
gap between the airfoil surface and the flap has little 
or no detrimental effect on the lateral control to be ob- 
tained fron a plain aileron. 



C0UCLUDI1TG REIJLUKS 



The data presented indicate that double or single 
split flaps nay be used to provide satisfactory dive con- 
trol without undue buffeting effects if the flap area is 
reduced about 30 percent by perforations. 

While the lateral control available from a plain, 
aileron appeared to be practically unaffected by a perfo- 
rated "lower-surf ace split flap with a gap between the air- 
foil surface and flap, the aileron was effectively blank- 
eted and rendered useless when behind the perforated dou- 
ble split flaps. Additional tests are r e cor.r.ended to de- 
velop a lateral control device for use with the perforated 
double split flaps • 



L a n g 1 e y I. • e n o r i a 1 Aeronautical L a b o r a t c r y , 

llational Advisory Connittee for Aeronautics, 
Langl e y^ Fi el & , Va . 
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Figure 2.- Three-quarter rear view of the 10- by 60- inch rectangular NACA 23012 airfoil with a 

0.20c t 80- percent- span tip- section perforated split flap located 0.40c from the 
wing leading edge mounted in the NACA 7- by 10- foot wind tunnel. Gap between wing surface and 
flap, 0.10c; 6 fLf 90°. 
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Figure 3b.- Wake characteristics of a 10-by 60- inch rectangular NACA 23012 airfoil. 
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Figure 3c- Wake characteristics of a 10-by 60-inch rectangular NACA 23012 airfoil with 0.20c full-span perforated 
double split flaps located 0.80c from the airfoil leading edge. 6f Uf 60o ;6f L ,6Qo. 
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of 0.20c full-span perforated double split flaps located 0.80c from the airfoil leading 
the wake characteristics of a 10-by 60-inch rectangular NACA 23012 airfoil. 
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Figure 4b.- Effect of flap perforations on the wake characteristics of a 10-by 60-inch rectangular NACA 23012 
airfoil with double split flaps located 0.80c from the airfoil leading edge. 6fy, 60° ,6f L ,60°. 
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Figure 4*- Effect of flap perforations on the aerodynamic characteristic* of a 10-by 60-inch rectangular 

1ACA 33013 airfoil with double split flaps located 0.80c froa the airfoil leading edge. 6^,60°; 
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Figure 5a.- Iffect of various arrangeaents of 0.20c partial-span perforated double split flaps located 
0.80c froa the airfoil leading edge on the aerodynaaic characteristics of a 10-by 60-inch 
rectangular NACA 23012 airfoil. 6 f 60°,- 6f L 60°. 
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Figure 5b.- Effect of various arrangements of 0.20c partial-span perforated double split flaps located 

0.80c from the airfoil leading edge on the wake characteristics of a 10-by 60-inch rectangu- 
lar NACA 23012 airfoil. 5f L ,,60O;6f L ,60°. 
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Figure 6b.- Effect of 0 20c partial span center - sect ion perforated double split flaps located 0.80c from the 
airfoil leading edge on the wake characteristics of a 10-by 60-inch rectangular NACA 23012 air- 
foil. Sf u ,60 0 ^5f Lf 60° 
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Figure 7a.- If feet of 0.20c partial-span tip-section perforated double split flaps located 0.80c frosi the 
airfoil leading edge on the aerodynamic characteristics of a 10-by 60-inch rectangular IACA 
33012 airfoil. 6 f 60°;6 f 60°. 
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Figure 7b.- Effect of C.20c partial-span tip-section perforated double split flaps located 0.80c 
from the airfoil leading edge on the wake characteristics of a 10-by 60-inch rec- 
tangular NACA 23012 airfoil. 6f Ut 60o,6f L ,60°. 
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Figure 8b.- Effect of flap 

span on the 
envelopes of the wake 
curves below the stall of 
a 10-by 60- inch rectangu- 
lar NACA 23012 airfoil 
with 0.20c perforated 
double split flaps located 
0.80c from the airfoil 
leading edge. 6f n ,60°; 
6f L ,60°. U 
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Figure 9a.- If feet of 0.20c full-span and partial-span perforated double split flaps located 0.60c from 
the airfoil leading edge on the aerodynamic characteristics of a 10-by 60-inch rectangular 
IACA 23012 airfoil. 6 f ,60°;6 f ,60°. 
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Figure 9b.- Effect of 0.20c full-span and partial-span perforated double split flaps located 0.60c from 
the airfoil leading edge on the wake characteristics of a 10-by 60-inch rectangular NACA 
23012 airfoil. 6f uf 60°{6f ,60°. 
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Figure 10b.- Effect of a 0.20c full-span perforated single split flap located 0.10c from 
the airfoil leading edge on the wake characteristics of a 10-by 60-inch rec- 
tangular NACA 23012 airfoil. 
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Figure lib.- Effect of a 0.20c full-span perforated 

single split flap located 0.20c from 
the airfoil leading edge on the wake characteristics 
of a 10-by 60-inch rectangular NACA 23012 airfoil. 
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Figure 12b.- Effect of a 0.20c perforated single 

split flap located 0.30c from the 
airfoil leading edge on the wake characteristics 
of a 10-by 60-inch rectangular NACA 23012 air- 
foil. 
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Effect of gay* between airfoil surface and flap on the wake characteristics of a 10-by 60-inch 
rectangular NACA 23012 airfoil with a 0.20c full-span perforated single split flap located 
0.20c from the airfoil leading edge. 6f L ,90°. 



IAQA 



Fig. 13a 




Figure 13a.- Effect of flap location on some of the aerodynamic characteristics of a 10-by 60-inch rect- 
angular NACA 23018 airfoil with a 0.20c full-span perforated single split flap. 
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Figure 13b.- Effect of flap location 
on the envelopes of the 
wake curves below the stall of a 10- 
by 60- inch rectangular NACA 23012 
airfoil with a 0.20c full-span perfo- 
rated single pplit flap. 
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Figure 15b.- Effect of flap location on the wake characteristics 

of a 10-by 60- inch rectangular NACA 23012 airfoil 
with a 0.20c full-span perforated single split flap. Gap between 
airfoil and f lap,0. IOcjS^.QO 0 . 
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cation on the envelopes 
20 of the wake curves below 
the stall of a 10-by 60- 
inch rectangular NACA 
23012 airfoil with a 
0.20c full-span perforated 
eingle split flap. 
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surface and flap, 
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Figure 17b.- Effect of 0.20c full-span trailing-edge pl^in and 

upper-surfac ? perforated split flaps on the wake 
characteristics of a 10-by 60-inch rectangular NACA 23012 
airfoil with a 0.2Cc full -span perforated lower surfac* split 
flap located 0.40c from the airfoil leading «dg«. Gap between 
airfoil surface and lower-surfao« split f lap,0.10c;6f L ,90°. 
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Figure 14a. 



Iffect of gap between airfoil surface and flap on the aerodynaaic character 
60-inoh rectangular IACA 23012 airfoil with a 0.30c full-span perforated si 
located 0.80c froa the airfoil leading edge. 6f L ,90°. 
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Figure 17a.- Iffect of 0.30c full-span trai ling-edge plain and upper -a ir face perforated split flaps on 

the aerodynamic characteristics of a 10-by 60-inch rectangular HACA 23012 airfoil with a 
0.20c full-spaa perforated lower-surface split flap located 0.40c from the airfoil leading edge. Gap 
between airfoil surface and lower-eurface split flap, 0. 10c ;6 f 90°. 
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Figure 18a.- If f tot of rarioua arrangements of a 0.30c partial-span perforated single split flap located 
0.40c fron the airfoil leading edge on the aerodynamic characteristics of a 10-by 60-inch 
IACA 23012 airfoil. Gap between airfoil surface and f lap, 0.10c ;6 f ,90°. 
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Figure 18b.- Effect of various 
arrangements of a 
0.20c partial-span perforated 
single split flap 0.40c from 
the airfoil leading edge on the 
wake characteristics of a 10- 
by 60-inch NACA 2.3012 airfoil. 
Gap between airfoil surface 
and flap,0.10c;6f L ,90°. 
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Figure 19b.- Effect of 0.20c partial -span center-section perforated single split flaps 

located 0.40c from the airfoil leading edge on the iraJce characteristics 
of a 10-by 60-inch rectangular NACA 23012 airfoil. Gap between airfoil surface and 
flap,0.10c;6f L ,90°. 
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Figure 20b.- Effect of 0.20c 

pert ial -span tip- 
section perforated single split 
flaps located 0.40c from the 
airfoil leading edge on the wake 
character i stiop of a 10-by 60- 
inch rectangular NACA 23012 air- 
foil. Gap between airfoil sur- 
face and flap,0.10c;6f L ,90°. 
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Figure 26b.- Effect of a 0.20c full-span trailing- 
edge plain flap on the wake character- 
istics of a 10-by 60-inch rectangular NACA 23012 
airfoil with a 0.20c full-span perforated single 
split flap located 0.60c from the airfoil leading 
edge. Gap between airfoil surface and split flap, 
0.10c;5f ,90°. 
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Figure 21b.- Effect of flap span on the envelopes 
of the wake curves below the stall of 
a 10-by 60-inch rectangular NACA 23012 airfoil with 
a 0.20c perforated single split flap located 0.40c 
from the airfoil leading edge. Gap between airfoil 
surface and f lap,0. 10c ; 6f L ,90°. 
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figure 21a.- If feet of flap span on some of the aerodynamic charact erlstl cs of a 10-oy 60-1 no h rectangular 
IACA 23012 airfoil with a 0 . 20c perforated sincle split flap located 0.40o from tae airfoil 
leading edge. Oap between airfoil surface aad flap, 0.10c; 6^,90°. 
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Figure 22.- Indicated terminal diving speeds of airplanes with various wing loadings and on 
drag coefficients. 
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Figure 23.- Effect of a 0.20c full-span trailing-edge plain flap on the 
aerodynamic characteristics of a 10- by 60 -inch rectangular 
NACA 23012 airfoil. 
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Figure 24.- Iffeot of a 0.30c full-epaa t pal ling-edge plain flap on tbs aerodynamic cnaract eriatice of a 

10-by 60-inch rectangular IACA 23012 airfoil with 0.20c full-epan perforated double split flape 
looated 0.80c froa the airfoil leading edge. 5^,80°; 6f L ,60°. 
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Figure 25.- Effect of a 0.20c full-span trailing-edge plain flap on the 
aerodynamic characteristics of a 10- by 60 -inch rectangular 
NACA 230 12 airfoil with 0.20c full-span perforated double split 



flaps located 0.60c from the airfoil leading edge. 5 f . 
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Figure 26a.- Effect of a 0.20c full -span trailing-edge plain flap on the 
aerodynamic characteristics of a 10- by 60 -inch rectangular 
NACA 230 12 airfoil with a 0.20c full-span perforated single split 
flap located 0.60c from the airfoil leading edge. Gap between 
airfoil surface and split flap, 0.10c; 6 f , 90°. 



